We propose an intergroup competition scheme (ICS) to theoretically solve free-riding in team production and provide experimental evidence from a voluntary contribution mechanism (VCM) public goods game. The ICS includes an internal transfer payment from the lowest to highest contributing team proportional to the difference in group contributions. The ICS requires minimal information, makes the efficient contribution a dominant strategy and is budget balanced. These features make the ICS ideally suited to solve the moral hazard problem in team production. Our experiment demonstrates that the ICS raises contributions to almost reach optimality with appropriate parameters. We also show experimentally that the success of the ICS can be primarily attributed to the effect of higher returns and to the introduction of competition, and is not due to the introduction of potential losses or information regarding other groups.
Introduction
Team production in modern economies has become so commonplace that it is now rare to come across a worker who does not work in a team. With so much of the world's production now done in teams, finding ways to increase team productivity is an important economic and managerial problem. One approach is to incentivize team members with "gainsharing" schemes (Welbourne and Gomez Mejia, 1995) that link employee benefits to team performance.
Team production with gainsharing is similar to public goods provision. In public goods provision, individuals decide which proportion of an endowment to contribute to a public good and which proportion to keep for private consumption. In team production, individuals decide what proportion of their time to use towards team production and what proportion to use for other activities (e.g., leisure and slack). Moreover, public good provision is shared by all individuals in the 'public' and with gainsharing production rewards are shared among all team members. The problem of public good provision comes from individual incentives to free ride on the contribution of others. Similarly, gainsharing can be subject to moral hazard problems; if only aggregate team output is observable, then it is impossible to identify individuals who free ride (i.e., provide less than optimal effort for the team).
The close relationship between team production and public goods provision problems means that the extensive literature on public goods provision and especially solutions to the voluntary contributions problem are applicable to team production. Indeed, incentive schemes have been proposed that offer theoretical solutions to reach efficient outcomes. These theoretical schemes include tax-subsidy incentives based on individual team member contributions. For instance, Falkinger (1996) shows that rewarding individual deviations from the average group contribution to the public good solves the free rider problem.
1 Some of the theoretical schemes have been tested and perform well in laboratory experiments (see Chen (2008) for a survey). 2 For instance, Falkinger et al (2000) shows that Falkinger's (1996) scheme is successful in a laboratory test. Falkinger's (1996) result hinges on observing individual contributions to the public good.
Similarly, in the team production literature, Alchian and Demsetz (1972) argue that principals (owners) need to monitor individual team members to solve the free riding problem. However, monitoring individuals may be too costly or infeasible in many cases.
To overcome monitoring issues, we propose a tax-subsidy scheme to solve the free rider problem with direct applications to team production. Critically, and in contrast to Falkinger (1996) and others, our proposed Intergroup Competition Scheme (ICS) only requires knowledge of the total team production (or a proxy variable) so no individual monitoring is required.
Our proposed ICS works as follows. Two teams within a firm are matched against each other.
Team members are compensated in part by gainsharing and in part by an internal transfer payment from the low output team to the high output team. The transfer is proportional to the difference in team output and equals the difference in output times a parameter. The transfer is equally funded by each member of the low output group and is equally shared by each member of the high output group. In the theory section (section 3) we show that, for a general class of games, parameters exist such that the optimal individual effort to maximize the team's total welfare becomes the dominant strategy and the incentive to free ride disappears. Additionally, the ICS is budget balanced when considering the two teams (i.e., the principal does not incur any costs on top of gainsharing payments), 3 requires little information (only team output) and is relatively robust to contingencies (adverse selection).
Our proposed ICS has many potential applications. For instance, the ICS easily applies to manufacturing industries that already use gainsharing for team assembly. Consider two teams within a firm competing against each other. For simplicity assume that technology is constant and output comparable across the competing teams. Suitable examples abound; for instance, it is common in manufacturing to use team production for the final assembly of products, from toys to computers (Young et al, 1993) . In this context teams use the same technology (they have the same tools available) and produce exactly the same output with the same number of team members. To directly apply the ICS, assembly teams can compete in the total number of products assembled during a fixed time period (e.g., a month); in addition to the gamesharing received from the number of products assembled, the winning team would receive additional income transferred from the losing team proportional to the difference between the total number of products assembled by the two teams. Regardless of whether a team is producing more or less than the other team, team members will always prefer to assemble the maximum amount of products rather than free-ride.
There are other solutions proposed by theorists and/or used in practice to the moral hazard in the team production problem. Holmstrom (1982) solves the moral hazard problem by having the principal provide a bonus (a gainshare) to the whole team only if a production target is achieved. Dragon et al (1993) propose an inter-team tournament that extends the Holmstrom solution. Both schemes theoretically achieve the efficient outcome, but we believe our proposed ICS has several advantages. Holmstrom's solution hinges on a threshold output; if output is above the threshold individual agents receive a bonus, nothing otherwise. This approach is very sensitive to unverifiable agent's contingencies, in other words adverse selection. For instance, if a team member becomes temporarily less productive (e.g., gets sick) the threshold may well become unreachable and in this case the potential bonus will become ineffective to motivate effort. One could imagine that when an agent's situation changes, the threshold could be changed accordingly to restore efficiency. However, allowing for many potential contingencies that could be hard to verify by a principal (and difficult to contract) may alter the optimal threshold too often, thus jeopardizing the incentives of agents to contribute the optimal individual effort. 4 In contrast, with the ICS individuals have the right incentive to maximize team output no matter what contingencies emerge. In our example with one team member becoming less productive, the other team members would nonetheless have the identical incentive to work. The team would not achieve the highest output (if everyone could work), but team members nonetheless have the right incentive given the contingency they face.
We designed two experiments to test the performance of the ICS under controlled laboratory conditions. We examined the ICS in the well-known Voluntary Contributions Mechanism (VCM) public goods laboratory context. Experiment 1 tests the efficiency of the ICS compared to a standard control VCM. Experiment 2 isolates the various factors that change from the control VCM to the ICS situation to understand the behavioral effects of each factor. All the treatments in both experiments involve 10 repetitions of the corresponding game in a partners design.
During the first 10 periods all subjects played the standard VCM. They were then assigned new partners for the last 10 periods to play in either the control (standard VCM game again) or one of the treatments. Over all periods, we find that the ICS increased the average contribution to the team project by over 50 percentage points compared to the control treatment. We observed a strong and typical (e.g. Andreoni 1988 ) end effect in the control condition with contributions declining to just 10% on average by the last period. In sharp contrast, in the ICS condition contributions started significantly higher from the first period and no end game decline occurred.
To better understand why the ICS affects subjects' behavior, we designed a second experiment with eight new treatments to isolate the key differences between the ICS and the standard VCM environment. In addition to focusing on the role of the MPCR, the treatments in Experiment 2 isolate the ICS's introduction of (a) additional information on the other team's total contribution, (b) a competitive element (regardless of the MPCR), and (c) potential losses.
We find that contributions increase as the MPCR in the ICS increases. This relationship is greater when the MPCR is less than 1 than when it is greater than 1, and we observe no additional jump in contributions when the MPCR becomes greater than 1. These relationships follow theoretically if subjects have other regarding preferences (discussed in section 5). We also find that introducing competition in the ICS while holding the MPCR constant also explains part of the higher contributions in the ICS. On the other hand, we find that the ICS's introduction of potential losses or the additional information it provides on another group's contributions does not explain any of the increases in contributions.
Last, we examined one final treatment in which we altered the ICS to have an external party provide the compensation to the team contributing more instead of a transfer from the team contributing less. In this treatment, that has been proposed and explored by others, the unique Nash Equilibrium predicts that one team will contribute 100% and the other team will contribute nothing. The experimental results are consistent with this prediction. Thus, the ICS proposed here with an internal transfer produces greater contributions than an otherwise identical externally funded scheme since the ICS motivates both teams to fully contribute.
Intergroup Competition Literature
Most of the literature on intergroup competition examines schemes where members of the winning group receive a bonus or reward paid by a third party, typically a principal. Thus, in contrast to our design, no transfer between the groups occurs under these schemes. Rapoport and Bornstein (1987) introduced the intergroup competition (IC) paradigm to experimental economics and social psychology. They proposed a binary public goods game where two groups compete in aggregate contributions to earn a reward. The primary motivation for their setup was to examine the effect of differing endowment sizes, group sizes and game structure on contributions in environments with intergroup conflict (Rapoport, Bornstein and Erev 1989; Bornstein, Erev and Goren 1994; Bornstein 2003) . This early stream of literature examined IC as an economic and societal problem (e.g., IC exacerbated inefficiencies in the Chicken game in Bornstein, Budescu and Zamir 1997) .
The use of intergroup competition to achieve socially efficient outcomes emerges in Bornstein, Erev and Rosen (1990); Bornstein, Gneezy and Nagel (2002) ; and Gunnthorsdottir and Rapoport (2006) . Intergroup competition is shown to reduce free riding in laboratory social dilemma experiments (Tan and Bolle 2007; Reuben and Tyran 2010) and raise effort levels in a field study involving team production (Erev et al 1993) . 5 However, none of the former schemes is budget balanced or makes the socially optimal contribution a dominant strategy of the one shot game. 
The intergroup competition scheme (ICS)
We first demonstrate how the ICS generates the optimal solution in the general public goods game with the voluntary contributions problem taken from Falkinger et al (2000) . Therefore, the individual budget constraint for individual is given by . In the Nash equilibrium of this public goods game each individual maximizes his utility constrained by his own budget, and takes the contribution of all the other individuals as given. An interior solution is characterized by , 1, … , . Optimality, however, is given by å . It follows that the public good is underprovided in the Nash equilibrium. Note that in the ICS solution preferences are still unobservable; the regulator just needs to know 5 The introduction of intergroup competition on an online microfinance website has also been shown to raise pro-social lending (Chen et al 2013) . This is especially interesting given that the competitive element in this study did not directly affect participants' payoffs, consistent with our result in Experiment 2 that the competitive element of the ICS, holding the MPCR constant, increases contributions. 6 Eckel and Grossman (2005) present evidence from an experiment to test an internally funded 'tournament' intergroup competition scheme in one of six treatments to explore the role of group identity on contributions in public goods games. This scheme is budget balanced; each member of the group that contributes the most (least) cumulatively over five periods receives a bonus of $1 (pays a cost of $1). While the scheme performs quite well, obtaining an average of over 70% of the maximum contribution, players no longer have a dominant strategy and no evolutionarily stable equilibrium in pure strategies exist.
the aggregate contribution to the public good by each of the two groups. Falkinger's solution, however, requires knowledge of the individual contributions.
The same ICS can be also applied to solve the moral hazard in teams problem in Holmstrom's (1982) For our experiments, we model a team production situation using the standard experimental context for public goods and free riding, the well-known and tested Voluntary Contributions Mechanism or VCM (Davis and Holt 1993) . In the VCM participants have the same endowment ¤ and are in teams of size ¦. In a general team production context ¤ could be understood as time that can be either used for private enjoyment or as a productive input towards team output. In the laboratory ¤ is simply a monetary endowment. Each individual has to decide how much of his endowment to use as an input to the public account § ƒ and how much to keep for himself ¤ ‰ § ƒ .
In the VCM, inputs are combined to generate output in the following way: • å § ƒ ƒ , with ¦ ©
• © 1. Then output is then shared equally among the N group members. 7 The payoff therefore of player ‚ under a VCM is given by:
oe°0 and under the usual assumptions, the dominant strategy for each individual is to free ride ( § ƒ 0 ™‚ ). However, maximum efficiency occurs when each individual agent uses her entire endowment as an input, § ƒ ¤, ™‚ 1, … , ¦.
Again, consider two ¦ member teams, denoted and . Further, let the difference in aggregate inputs between the two groups be multiplied by a parameter ". This product is then subtracted from the payoff of each member of the team with the lower aggregate contribution 8 and added to the payoff of each member in the team with the higher aggregate contribution.
Participants will not only receive the gainsharing given by the marginal per capita return from the team output, MPCR OUT = oe , but will also receive an additional marginal per capita return from the transfer, MPCR T = ". Formally, the payoffs of team member and a team member are:
Regardless of the inputs of anyone else, it is always in an individual agent's best interest to use all of her endowment for team production. This prediction for a laboratory setup only requires experimental subjects to understand the mechanism and prefer more money to less. The unique Nash equilibrium requires all players to contribute the maximum amount, so no transfers will occur in equilibrium. That is, the VCM based ICS combines gainsharing, given by MPCR OUT , with a tournament in which the bonus depends proportionally on (and is funding according to) output differences. In equilibrium no bonus is paid, but team members still receive a share of the gains. The appendix shows that the VCM based ICS can be trivially extended to any number of teams and to any team size.
7 In a gainsharing team production scheme the principal would distribute part of the profits generated by output to the team, not necessarily all of it. 8 Output is simply a multiplied by the aggregate contribution.
Experiment 1: Testing the ICS

Experiment 1 Design
To test the efficiency of the proposed ICS, Experiment 1 examines a control (C) treatment with the MPCR= /N<1 so no contribution is the dominant strategy, and an ICS treatment (ICS_dom) where the MPCR= + /N>1 so full contribution is the dominant strategy of the one-shot game.
Every treatment has two stages. In Stage 1 (S1) all subjects played a standard "partners" VCM public goods game (Andreoni 1988) . Subjects were randomly and anonymously assigned to groups of N = 4 and played the same game with the same partners for 10 periods. In Stage 2 (S2) subjects were randomly and anonymously assigned new partners. In the control treatment subjects played another 10 periods of the VCM game. In ICS_dom subjects played a 10 period intergroup competition game. Full contribution is the unique Subgame Perfect Nash Equilibrium Procedures: One-hundred and twenty subjects participated in Experiment 1. 10 Upon arrival, subjects were randomly assigned seats in private cubicles with partitions to prevent subjects from seeing or interacting with each other. Once all subjects were seated, they were given the Stage 1 instructions. The instructions informed subjects that there would be two stages in the experiment.
No further information on S2 was given during S1. After reading the S1 instructions, subjects answered a series of questions to ensure they understood the task, and then played a 10 period partners VCM (Andreoni 1988 ) with an MPCR of 0.5 ( /N=0.5). Subjects were randomly matched into groups of four for S1 and were informed that they would remain in the same group throughout S1. Subjects were given an endowment of 100 cents each period and could contribute between 0 and 100 cents to a neutrally framed "project" in each period. At the end of each period subjects received feedback on four pieces of information: their contribution, their group's aggregate contribution and their income that period, and their income from all periods.
At the completion of S1 subjects were given instructions for Stage 2. In S2 subjects were rematched randomly into new groups of four which they remained in throughout S2. Each subject was informed that none of the participants in her S1 group would be in her S2 group. In the ICS treatment, subjects were also informed that their group was randomly matched to another group.
After the S2 instructions, subjects were given review questions regarding S2.
In the control (C), subjects' payoffs and feedback in S2 were determined identically to S1. In ICS_dom, subjects' payoffs in S2 also depended on the difference in aggregate contributions between their group and the group that they were matched with; each member of the group with the higher contribution received 75 percent of the difference in group contributions while each member of the group with the lower aggregate contributions had their income reduced by 75 percent ( = 0.75) of the difference in group contributions. In the event that both groups had equal contributions, no money was transferred. Feedback in ICS_dom also included the aggregate contribution of the other group and the difference in aggregate contributions between their group and the other group. The experiment concluded at the end of S2. ) and total (MPCR) for each treatment. The final three columns show the Nash equilibrium in S2 and the average contribution for each treatment in S1 and S2, which will be discussed below.
Subjects received the sum of their earning across all periods in S1 and S2. On average, subjects earned $31.47. At the time of the experiment the exchange rate between the Australian and U.S. Dollar was almost exactly one to one and the minimum wage was almost $15 per hour. ^ Based on the standard assumptions; * The Nash Equilibrium requires members of one group to contribute everything and members of the other group to contribute nothing.
Experiment 1 Results
We first examine overall contributions and then subject-level period-by-period behavior. We robustly find significantly higher contributions and hence greater efficiency in ICS_dom than C.
Result 1: The ICS significantly raises contributions. Table 1 shows that average contributions across all 10 periods in S2 was 30 percentage points higher in the ICS_dom (80.92) than in C (50.85). Using each of the 12 groups in C and 9 pairs of groups in ICS_dom during S2 for observations, the higher average contribution in ICS than C is statistically significant at the 1% level (Mann-Whitney p < 0.001).
11 Figure 1 shows average contributions per period in C an ICS_dom across S1 and S2.
Contributions in Period 1 of S1 show that despite identical initial conditions, subjects contributed almost 11 percentage points more in C than ICS_dom. Moreover, contributions remain 10 percentage points or higher in C than ICS_dom in S1 through Period 9. The behavior in S1
suggests that, despite the sample population size (48 in C and 72 in ICS_dom), subjects were more cooperative in C than ICS_dom. 12 This difference stresses the importance of having the S1 baseline contributions to use for control in the analyses that we present next. To formally examine the ICS effects, we now present subject-level regressions with differencein-difference (DD) analyses to estimate the change in a subject's contributions from S1 to S2
controlling for gender and period effects. The Hausman Test (pr( 2 = 0.999)) indicates that a random effects (RE) model is appropriate to control for individual effects in the panel data.
13 Table 2 presents the RE model estimates from Equation (1). 14 We conservatively use robust standard errors clustered at the session level. Column 1 shows estimates for period one only of each stage and Column 2 shows estimates over all ten periods. There are two observations per subject in Column 1 (one in Period 1 of S1 and one in Period 1 of S2) and 20 observations per subject in Column 2 (10 each in S1 and S2).
Result 2:
The effect of ICS is immediate.
12 The higher average contribution in the Control is unique; average contributions during Stage 1 in the additional treatments discussed below for Experiment 2 are much closer to ICS_dom contribution levels than to the Control levels. We extensively studied potential explanations (e.g., differences in subject characteristics between the treatments and the days and times of the sessions), but could find nothing to explain the higher contributions in the control. With the large number of treatments we examined (10), we thus attribute the baseline difference in contributions to noise. In our core analyses, however, our key estimates are always difference-in-difference estimators, thus we henceforth always net out these baseline differences. 13 We also estimated Equation (1) using Tobit Random Effects estimation but do not present these results because these estimates have similar significance levels to the RE estimates reported here and thus would not change the interpretation of the results. 14 We also estimated FE models (available upon request) and find no qualitative differences between the FE and RE models. VCM Control (C) and Inter-group Competition (ICS-dom) Figure 1 shows that when the ICS is introduced a dramatic change in contributions occurs; contributions in ICS_dom are over 20 percentage points higher in Period 1 of S2 than in S1. Figure 1 suggests that this effect is not due to subjects starting over with a new group since in C contributions in Period 1 of S2 are only slightly higher than they were in Period 1 of S1. Figure 1 , the estimates in Table 2 Column 1 show that subjects in Period 1 of S1 contributed directionally less in ICS_dom than in C (-8.95 ) and contributions in C were insignificantly higher in Period 1 of S2 than in S1. The key DD interaction estimate ICS_dom*S2 (p < 0.05) indicates that the introduction of the ICS raised contributions immediately. The introduction of the ICS_dom scheme increased contributions in Period 1 of S2 by 18 percentage points more than contributions changed in the control treatment from S1 to S2 in Period 1.
Consistent with
Result 3:
The ICS eliminates the decay in contributions over time. Figure 1 shows that the difference in contributions between ICS_dom and C increased slowly through Period 7 in S2, and dramatically during the final 3 periods. This increasing difference in contributions is due to contributions in the ICS_dom not deteriorating over time as is the normal pattern in VCM experiments, seen in S1 for both treatments and seen in S2 in C. Column 2 in Table 2 presents period-by-period difference-in-difference-in-difference (DDD) estimates of the relative change in contributions in ICS_dom than C in S2 compared to the changes that occurred in S1. In addition to the estimates shown in Table 2 , the regressions include controls for period and the interaction terms for each period by S2 and for each period by ICS_dom. The DDD terms ICS_dom*S2*periodK thus estimate the difference in contributions between ICS_dom and C in S2 in Period K relative to Period 1 compared to the difference in contributions between ICS_dom and C in S1 in Period K relative to Period 1. Column 2 shows that the average DDD increase is highly significant from Period 1 to all future periods. To see the large magnitude, note that during the first six periods contributions are increasingly larger in C than ICS_dom in S1 whereas contributions are increasingly larger in ICS_dom than C in S2, and over the last three periods in S2 the contributions in ICS_dom become dramatically higher than in C (essentially because contributions collapse in C while they stay high in ICS_dom).
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In summary, Experiment 1 shows clear evidence that the intergroup competition scheme proposed here increases overall contributions dramatically compared to the control group, and the effect is immediate and increases overtime without the endgame collapse commonly seen in public goods game VCM experiments.
Experiment 2: understanding why the ICS raises contributions
Full contribution is the unique SPNE of the repeated game if MCPR > 1 while contributing nothing is the unique SPNE of the repeated game when MPCR < 1. However, the MPCR > 1 in ICS_dom and MPCR < 1 in C is not the only difference between C and ICS_dom. In this section, we examine four additional factors: (i) the specific MPCR level; (ii) competition; (iii) potential for losses; and (iv) information. These factors may affect contributions if subject's preferences include (i) other regarding preferences, (ii) utility of winning or disutility of losing and loss 15 Although the effect of ICS_dom is dramatic, average contributions in ICS_dom remain below 100 percent. This is mostly due to a small percentage of subjects in this condition who in the last period contributed nothing (6 percent) or contributed 50 (6 percent); the remaining subjects contributed on average 89%. As we show later, the other ICS conditions with MPCR = 0.9, 1.1 and 1.75 demonstrate average contributions closer to 100 percent. aversion, and (iii) social comparisons. We discuss these factors in Sections 5.2-5.5. To test the importance of each of these factors, we ran Experiment 2.
Experiment 2 consists of eight additional treatments with 23 sessions, 128 groups and 512 new subjects. The procedures were identical to those in Experiment 1. Each session began with the same Stage 1 VCM game (with four partners together for all 10 periods). Each subject was then rematched into groups with three new partners to play the game in one of the new treatments in S2 for 10 periods. Subjects were again paid for their earnings from all 20 periods and every subject participated in only one session. All conditions and subjects' average contributions per treatment are reported in Table 1 . Table 3 reports random effects regressions using session level data as the unit of observation clustering robust standard errors at the session level. For all analyses, each session provides two observations: one for the average contribution during Stage 1 and one for the average contribution during Stage 2. The contributions during S1 again serve as a control for any subject heterogeneity across sessions and treatments. We again estimate variations of Model 1, but now use session rather than individual level data. Because no subject participated in more than one session, the session level observations are independent.
Before discussing the new treatments, we first re-estimated the analyses comparing C and ICS_dom using the session level data to check the robustness of the individual level analyses (Table 3 , Column 1). The constant term indicates the average contribution of the subjects in C during Stage 1, the Stage 2 dummy variable estimates the effect of transitioning to Stage 2 for subjects in the Control, the ICS dummy term estimates the unique effects of subjects in ICS sessions during S1, and the DD estimate of the interaction of ICS and S2 is the key estimate indicating the effect of transitioning to ICS in Stage 2 compared to staying in the standard VCM in S2 for the Control subjects. The estimates in Column 1 are qualitatively identical to those reported in Table 2 and discussed above. We again find that subjects contributed less in ICS than C during S1. Most importantly, the change to ICS in S2 (the DD estimate) results in a significant increase in contributions relative to the change in contributions in C from S1 to S2. The magnitude of the DD estimate reflects the simple averages reported in Table 1 ; the ICS1.25 condition increased overall contributions nearly 50 percentage points relative to the change in C. 16 
The effects of the MPCR
We showed (Section 3) that the dominant strategy of the stage game (and the unique SPNE of the repeated game) for all agents is to contribute fully when MPCR > 1 and to contribute nothing 16 The 50 percentage point DD increase can be seen in the simple average contributions seen in Table 1 ; average contributions fell in C by 19.6 (from 54.7 to 35.1) while they rose by 30.0 (from 50.9 to 80.9) in ICS_dom from S1 to S2 for net DD gain of 49.6. when MPCR < 1. This result assumed agents gain utility solely from their monetary payoffs.
However, if subjects gain utility from increasing the payoffs of their team members, either by having altruistic or other regarding preferences, as widely demonstrated in the literature (e.g., Bolton and Ockenfels 2000; Fehr and Schmidt 1999) and that can help explain positive contributions in the VCM game with MPCR < 1, then the marginal utility of each additional cent contributed will exceed an agents utility from their own payoff by this additional source of utility.
One can see this by letting subject i have separable utility U i (x) over her own payoff and that of others in her team when she contributes x: U i (x) = Payoff i,self (x) + i Payoff others (x), i ³ 0.
Assuming heterogeneous utility for others, i , it immediately follows that some subjects will get higher utility from fully contributing than contributing nothing even when MPCR < 1, and the percent of agents with higher utility from fully contributing will (weakly) increase with the MPCR when the MPCR < 1. For MPCR > 1, however, it remains the dominant strategy for all agents to fully contribute.
To test the effect of the MPCR on contributions, we ran five additional ICS treatments. Three treatments had MPCR < 1 (ICS0.5, ICS0.75 and ICS0.9) and two additional treatments besides in more detail below). To the extent that subjects heterogeneously gain utility from the payoff of others in their team, i.e., i > 0, we anticipate that contributions will increase as the total MPCR increases for MPCR < 1, and that we will observe full contributions for all MPCR levels above 1.
Result 4a:
Increasing the MPCR in the ICS mechanism increases contributions significantly.
Result 4b:
The marginal MPCR effect on contributions is significantly greater when the MPCR is less than 1 compared to when it is greater than 1.
Result 4c:
There is no additional effect of the MPCR on contributions when it is greater than or less than 1 other than through its marginal effect in Result 4b. The solid circles show the average contribution of each ICS session during Stage 2 when the ICS was in effect. The dominant feature in Figure 2 is the sharp increase in contributions from ICS0.5 to ICS0.9 (i.e., from MPCR = 0.5 to 0.9) and a more gradual increase when MPCR is above 1. Models (1) to (6) are estimated using individual random effects estimation. Contribution data is aggregated over 10 periods into a panel of sessions with two stages, the first stage VCM game and the second stage Treatment game. Robust standard errors clustered by session in parentheses; Significance levels: *** p<0.01, ** p<0.05, * p<0.1. Table 3 formally tests the MPCR effects in the ICS treatments on contributions. Column 2 first re-estimates the model in Column 1 using the data from all of the ICS treatments (ICS0.5 to ICS1.75). The estimated DD effect comparing the change in average contributions from S1 to S2 in the ICS treatments compared to the change from S1 to S2 in C remains highly significant and the magnitude of the effect remains large (over 40 percentage points).
17 Column 3 adds a dummy variable to the model that indicates whether the MPCR is greater than 1. The estimates in Column 3 indicate that the average ICS effect on contributions remains positive and significant when the MPCR is less than 1 and is significantly higher when the MPCR is greater than 1; the estimated effect of the ICS when the MPCR is less than 1 is a 32 percentage point increase in contributions, and the estimated ICS effect increases contributions by an additional 17 percentage points if the MPCR is greater than 1. However, this larger effect when the MPCR is greater than 1 may be due to a discontinuous shift at MPCR = 1 or reflect a continuous increase in the marginal impact of the MPCR on contributions that does not differ when the MPCR is above or below 1.
To test the marginal effect of the MPCR on contributions, Column 4 adds the variable MPCR to the model. Not surprisingly, the estimates show that the MPCR positively and significantly increases contributions; on average, a 0.1 unit increase in the MPCR increases contributions by 3.2 percentage points (p<0.001). Moreover, once we control for the marginal effect of the MPCR, the level effect due to the MPCR being greater than 1 disappears entirely. This suggests that there is no unique discontinuous level effect when the MPCR becomes greater than 1. Table 3 To investigate whether the marginal effect of the MPCR is different if MPCR is greater than or less than 1, Column 5 adds the interaction term MPCR by MPCR > 1 dummy to the model. The estimated negative and significant effect on MPCR by MPCR > 1 in Column 5 indicates that the marginal effect of the MPCR is significantly lower when the MPCR is greater than 1, or 17 Note that the estimated ICS Dummy effect in Column 2 decreases from -19 to -13 when comparing the control to all ICS conditions rather than comparing the control to only ICS_dom. This suggests that subjects in ICS_dom contributed less in S1 than subjects in all other ICS treatments. Moreover, the fact that subjects in C contributed significantly more in S1 than subjects in all the ICS conditions combined (13 cents more) supports the previous discussion that subjects in C were more cooperative than typically observed in VCM games, and re-enforces the importance of S1 to control for baseline differences. 
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In sum, the effect of MPCR being greater than or less than 1 is only on the slope, and as anticipated, the slope is higher when the MPCR is less than 1. The estimated effects of the MPCR within the ICS mechanism here are consistent with past studies on MPCR effects. Specifically, Palfrey and Prisbrey (1996) and Brandts and Schram (2001) varied the MPCR from zero to more than 1 and found that contributions increased as the MPCR increased but did not increase dramatically when the MPCR went from slightly less than one to slightly more than one. This evidence supports the value of ICS because ICS presents a method to increase the MPCR with all of the benefits discussed above.
The effect of competition
In addition to affecting the MPCR, subjects in the ICS may perceive their group as "winning" when their group contributes more than the other group and "losing" if their group contributes less, regardless of how much they financially win or lose; people may get utility from winning or disutility from losing that goes beyond the monetary amount. holds the MPCR at the same level in the control at MPCR=0.5. In ICS0.5 subjects thus faced the identical total MPCR as the control, but have the competitive ICS element and the potential for monetary losses to the other group if the other group contributes more.
Result 5:
The competitive element in the ICS explains part of the higher ICS contributions. Table 1 shows that the average contribution in ICS0.5 increased from S1 to S2 by 19.2 percentage points whereas contributions in the control condition fell 3.8 percentage points from S1 to S2. The role of competition, holding the MPCR constant, can be seen in Table 3 in Columns 4-6; the DD interaction term ICS by Stage2 in these estimates captures the competitive role of the ICS holding MPCR constant since these models control for the MPCR effect (in other words, ICS by Stage 2 captures the DD effect of ICS0.5 compared to the control). Columns 4-6
show that the DD estimates ICS by Stage 2 are significant at the 1 percent level and indicates that the role of competition in the ICS scheme increases contributions by 20 percentage points (in the more fully specified models in Columns 5 and 6). Nonetheless, competition alone only partially explains the positive ICS effects since, as already discussed, increasing the MPCR increases contributions even further.
The effect of potential losses
Another difference between the control and ICS conditions is that subjects can potentially earn a negative payoff each round of the ICS game if, for instance MPCR > 1, then every subject on one team contributes nothing and every subject on the competing team fully contributes. To the extent that subjects in the group that contributed less to the public good in ICS perceive the resulting transfer to the other group as a loss, loss aversion (Kahneman and Tversky 1979; Tversky and Kahneman 1992 ) predicts that these subjects will incur greater disutility than an equally sized monetary gain. Thus, loss aversion suggests that subjects may contribute more in ICS to avoid additional disutility associated with losses. The potential for a monetary loss may also be perceived as punishment which Fehr and Gächter (2000a,b) show can motivate greater contributions to avoid punishment. Thus, subjects may have contributed more in the ICS conditions in part to avoid suffering a loss (and perceived punishment). Although losses were rare (less than one percent of payoffs were negative), suggesting the concern for losses may not have being affecting decisions, it is also possible that losses were rare because subjects were contributing more in the ICS to avoid losses in the first place. Thus, to test whether avoiding losses caused higher contributions in the ICS conditions, we ran another treatment, ICS_No Loss that was in every way identical to the original ICS_dom with MPCR = 1.25, but we removed the possibility that subjects could lose money in any period. Specifically, subjects' payoffs were bounded in each period at 0, and if a subject (or subjects) in a team would have received a negative payoff after the intergroup transfer, then we limited the transfer to avoid losses and adjusted the transfer to the group contributing more to equal the truncated amount being transferred.
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The last column in Table 3 presents the results. We include a dummy variable for the ICS_No Loss treatment to control for subject heterogeneity (this term estimates the different level of contributions during S1 in ICS_No Loss compared to the control). We also include a dummy variable for the interaction of ICS_No Loss and Stage 2 to estimate the DD change due to the treatment from S1 to S2 relative to the estimated change in ICS (since ICS_No Loss is also an ICS condition).
Result 6: Higher contributions in the ICS conditions cannot be explained by a concern for losses.
Average contributions during S1 in ICS_No Loss are statistically similar to those in the control, though directionally subjects in ICS_No Loss contributed a little more. Controlling for this heterogeneity, we find that the estimated DD effect of ICS_No Loss is not statistically different compared to the estimated DD ICS effect and directionally leads to a slightly smaller change in contributions on average (approximately 6 percentage points less). This can also be seen in Table   1 ; on average, subjects contributed an additional 45.8 and 37.5 percentage points in ICS_dom and ICS_No Loss, respectively. Thus, an identical ICS plan (both with MPCR=1.25) that removes the potential for loss (and perceived punishment) has no effect on contributions, and thus cannot explain the higher contributions due to the ICS.
The effect of information
Group identity theory (e.g., Rabbie and Horwitz 1969; Tajfel et al 1971; Eckel and Grossman 2005; Chen and Li 2009) suggests that people can gain utility if their group (in-group) does better than another group (out-group), even when there are no financial implications to doing better.
Group identity theory thus suggests that part of the higher contributions in ICS treatments may be due to information about another group. To test whether the difference in the amount of information provided to subjects in the ICS treatments explains part of the higher contribution, we ran an information treatment INF0.5. In INF0.5, subjects played the same VCM in S2 identical in every way to C (i.e., same earnings calculation, same MPCR=0.5, and same own group feedback), but each group was also paired with another group at the beginning of S2 and subjects were given the aggregate contribution of this other group after each period identical to the information subjects were given each period in ICS. Column 6 in Table 3 presents the estimated effects. We include a dummy variable for INF0.5 (to estimate the unique effects of subjects in INF0.5 during S1) and a dummy variable for the interaction of INF0.5 and Stage 2 to estimate the DD change due to INF0.5 from S1 to S2 relative to the estimated change in the control. The bottom of Table 3 also includes a Wald test of significance for whether the estimated DD effect of INF0.5 is different than the estimated DD effect of the ICS with the identical 0.5
MPCR.
Result 7: information alone cannot explain the higher contributions in ICS. Table 1 shows that average contributions in INF0.5 fell 6.3 percentage points from S1 to S2. Table 3 shows that subjects in INF0.5 contributed 13.6 percentage points less than subjects in C during S1, nearly identical to the 13.4 percentage points lower contributions in S1 in the ICS conditions compared to the control. The DD INF0.5 by Stage 2 estimate indicates that the effect of introducing information only from S1 to S2 had almost the identical effect on contributions as simply repeating the identical VCM in the control; subjects in INF0.5 on average contributed 2.6
percentage points less from S1 to S2 compared to the change for subjects in the control from S1
to S2 
Comparison of ICS to an externally funded scheme
One of the fundamental ways in which the ICS proposed here differs from past intergroup competition literature is that our mechanism includes an internal transfer from the group contributing the least to the group contributing the most to induce a dominant strategy in which each individual fully contributes to the public good. In other proposed IC plans (e.g., Reuben and Tyran 2010) the group contributing the most is funded by a bonus at least partly paid by an outside party, and the group contributing the least does not have to pay for the bonus. In this alternative externally funded IC plan, if group A contributes more on aggregate then the payoff to members of group A and B, respectively, would be: 

In this setup, it is easy to show that the Nash equilibrium involves full contributions for all players in one group and no contributions by any player in the other group when a/N < 1 and a/N + d > 1, respectively. Thus, the ICS_dom treatment is predicted to provide higher overall contributions compared to an external funded IC because only one group will fully contribute when externally funded while both groups will fully contribute when internally funded.
To test this hypothesis, we ran a new treatment ICS_ext where everything is identical to ICS_dom except that the group contributing the most receives the d = 0.75 transfer from the experimenter rather than from the group contributing less. For ICS_ext, we had 64 subjects participate with 16 groups in S1, and 16 groups and 8 pairs of groups in S2.
Result 8a: The externally funded ICS increases contributions compared to the Control due to the higher MPCR.
Result 8b: Overall contributions are higher in the internally than externally funded ICS.
Result 8c:
The higher overall contributions in the internally funded ICS are driven by significantly higher contributions of the group contributing less in the internally funded pairs than the groups contributing less in externally funded pairs. Table 1 shows that the average contribution in ICS_ext increased from S1 to S2 by 25 percentage points whereas contributions in the control condition fell 4 percentage points from S1 to S2 and contributions in ICS_dom increased 46 percentage points. Similar to the other ICS treatments,
Column 6 in Table 3 shows that subjects in ICS_ext contributed significantly less during S1 than subjects in the control. The estimates also indicate that once controlling for the higher MPCR effect in ICS_ext, there is no additional effect of ICS_ext compared to the control (estimated DD effect -0.5). The Wald test comparing the DD ICS_ext and the internally funded ICS DD estimates indicates that contributions increased more in the internally funded scheme (p<.001).
To understand why the internally funded ICS significantly increased contributions more than the externally funded scheme, we examine the contributions of the groups which contributed more and the groups which contributed less within each pair in the internally funded scheme to those groups in the externally funded scheme which contributed more and those which contributed less within each pair, respectively. For this examination, we compare ICS_ext to ICS_dom in order to have the identical MPCR across the internally and externally funded schemes. Figure 3 shows the predicted separating equilibrium behavior in groups in the ICS_ext condition. For instance, in six of the nine pairs in ICS_ext the differences in average contributions in the last period are at least 50 percentage points whereas in ICS_dom there are no pairings that exceed a difference in contributions of 50 percentage points. Figure 3 also generally shows the standard decline in contributions in the last few rounds seen in the control (Figure 1) and past VCM studies in ICS_ext among subjects in the groups contributing the lower amount in each pair, but not for the subjects in the groups contributing the larger amount. Table 4 shows the average contribution in the last period of S2 for the ICS_ext and ICS_dom treatments for the groups that contributed the most and the least. As anticipated, there is little difference in the contributions by the groups that contributed more in ICS_dom and ICS_ext (Mann-Whitney p = 0.318). For the groups that contributed less, however, the ICS_dom subjects continued to contribute a relatively high amount (71.0) while ICS_ext contributions collapsed, and the difference in contributions between the groups that contributed less in ICS_dom and ICS_ext is highly significant (Mann-Whitney p < 0.01). In sum, the ICS_dom theoretically increases contributions to participants in both groups whereas the externally funded ICS_ext scheme theoretically increases contributions to just one group, and the experimental evidence supports this distinction. 
Comparison to experiments examining in ivi ual bonus/penalty mechanisms
As discussed in the introduction, our proposed internally funded ICS can be derived from a solution to the team production problem that provides bonuses/penalties based on comparing individual level contributions to group level production. While our solution addresses the information and monitoring challenges of these solutions, it is nonetheless interesting to compare the efficiency of our ICS to other studies comparing individual level contributions in order to see whether our ICS sacrifices efficiency. Falkinger et al (2000) present experimental evidence that introduce a bonus/penalty with an MPCR = 1.1 (their treatment M1) that achieves 84.5%
efficiency. Bracht et al (2008) provide a comparison of the Falkinger (1996) mechanism with Varian's (1994) compensation mechanism. 21 They find that both mechanisms increase contributions towards the optimum, but neither gets close to 80% efficiency. Chen's (2008) survey argues that some mechanisms (best case scenario) applied to the public goods game converge "reasonably well" to the optimal Nash equilibrium when tested in the laboratory. In contrast, the effect of the ICS is immediate. While it is difficult to compare across the experimental evidence because of differences in experimental design and subject populations, it does not appear that the efficiency of the ICS studied here (with 89% and 96% efficiency when the MPCR is 1.1 and 1.75, respectively) is any lower for similar MPCR levels in other studies.
Summary
In this paper we proposed a solution to the free-rider problem. In theory, with the right parameters such that MPCR OUT + MPCR T > 1, the ICS induces the efficient contribution to team production. Our experiments suggest that optimality can be obtained, and sustained. This result can be partially, but not entirely, explained by a 'taste' for competition. It can also be partially by the increasing MPCR. The higher contributions are not, however, due to either the possibility of loss or the additional information on another group's performance. In line with previous research (Palfrey and Prisbrey 1996; Brandts and Schram 2001; Tan and Bolle 2007) , high contributions can be achieved with the ICS even if the combined MPCR is less than one. We found that average contributions of close to 100 percent can be achieved by an ICS with a total MPCR of 1.75. We also found that if the ICS is externally rather than internally funded, then contributions 21 In the compensation mechanism each player offers to compensate the other for the "costs" incurred to make the efficient choice.
are lower, and are lower in a manner reflecting the theoretical prediction that in equilibrium one group fully contributes while the other group does not contribute.
In contrast with other schemes, the currently proposed ICS is budget balanced, so no money on top of a gainshare needs to be injected externally, and the internal transfer setup makes the optimal contribution a dominant strategy of the one-shot game and the unique SPNE of the repeated game without having to rely on a taste for cooperation. 22 In addition, and what seems most practical, the ICS proposed here requires little information -just the aggregate group contributions are needed -to effectively overcome the moral hazard problem in team production.
23 22 In theory, without imposing much structure, the ICS would also work for pure and conditional cooperators. 23 The ICS may also be robust to sabotage (Lazear 1989) ; with our ICS sabotage is only profitable if substituting one unit of effort away from own group production (a loss of MPRC=MPRC PG +MPRC T ) reduces the rival team's production by more than s*MPRC T , where s is the number of units of the rival's production that is destroyed by effort devoted to sabotage. For ICS_dom studied here, this implies s > 1.25/0.75 = 1.67. In general, s > 1 will minimally be required for sabotage, so sabotage will only be profitable if the productivity of effort from sabotage exceeds the productivity of effort for own group production.
APPENDIX
We show that the ICS results established in the text for n = 2 groups of equal size can trivially be extended to (1) any finite number of groups n ³ 2 (A.1), (2) groups of different sizes (A.2), and (3) extended to non linear public goods games.
A.1 The ICS extended to any number of groups n  2:
For n ³ 2, the ICS can be implemented with a balanced budget. We first demonstrate this with n = 3 groups: The payoff function for member i in group's A, B and C, respectively, are: To generalize, note that with n > 3 groups, if there is an even number of groups then we can arbitrarily assign groups to parings to play the ICS. If there are an odd number of groups then we can arbitrarily choose three groups to play the ICS as described above, and the remaining groups can be arbitrarily assigned to pairings. It immediately follows from above that it is optimal for each individual in each group to contribute 100%. 
A.2 The ICS extended to pairings of groups with different sizes
